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CHAPTER I
INTRODUCTI ON
Since the conclusion of World War II , perfluoroalkyl
der ivatives of many elements have been prepared and characterized .

This thesis deals with the bistrifluoromethyl de-

rivati ve of mercury and a palladium(II) chelate of 4- , 4-, 4t r ifluoro 1- (2- thienyl) 1 , 3 butanedione .

On the basis of

crystallographic data obtained on these two compounds , the
possible configuration of the CF 3 -group in the solid state
is discussed .
Many of the physical and chemical properties of trifluoromethyl derivatives of the elements can be correlated
with the dual nature of this group .

As an organic radical

it gives compounds fo r mally related to normal alkyl compounds , and many of the reactions of perfluoroalkyl derivatives are analogous to those of the corresponding covalently
bonded alkyl compounds .

Replacement of the hydrogen atoms

in an alkyl group by fluorine atoms produces a group with a
substantial inductive character, i . e ., a highly electronegative group , and a number of observations suggest that the
effective electronegativity of a trifluoromethyl group lies
between that of fluorine and of chlorine (5) .
In many simple molecules Hg ( II), with the valency group
2 , 2 , forms two collinear s - p bonds .

In crystalline compounds

2

the coordination group of 10 includes two more pairs of
neighbors at considerably large distances, these completing
a very distorted octahedron .

The other bond arrangement is

a group of four tetrahedral (s- p3) bonds .

Only in the Hg F 2
are the bonds essentailly ionic, and this compound has the
fluorite structure with the Hg,i2 ion surrounded by eight
equidistant F- ions, (5) .
Molecules X- Hg- X (other than dihalides) and X- Hg-Y
in which Hg forms two collinear bonds include H3C-Hg- CH ,
3
F3C- Hg-CF and others . Accurate bond lengths for some of

3

these compounds have been determined from pure microwave
rotation spectra (9).
Bistrifluoromethylmercury is a white crystalline
solid at room temperature with a very pungent odor.

The com-

pound has a very high vapor pressure and will sublimate if
not kept in a sealed container .

Theoretically it should be a

low boiling liquid or a gas .
Possibly the most intriguing property of bistrifluoromethylmercury is its solubility in water (l . 3M).

Dimethyl-

mercury is insoluble in water, as would be expected for a covalent compound .

The solubility of trifluoromethylmercuric

iodide (0 . 16M), although lower than that of bistrifluoromethylmercury, is greater than that of methyl mercuric iodide
(1 x lo-3M) .

Aqueous solutions of trifluoromethyl mercuric

salts conduct a current, but the slight conductivity of aqueous

3
solutions of bistrifluoromethylmercury is wholly unexpected.
If the relative electronegativity of a trifluoromethyl group
is 3. 3 (5) , the electronic environment of the mercury atom
in bistrifluoro methylmercury is similar to that in mercuric
chloride, and the properties of these two compounds should
be simil ar .

Ionic mercuric salts are extensively hydrolyzed

in aqueous solutions, but the more covalent compounds , e . g .,
mercuric halides , undergo hydrolysis to a smaller extent .
The evidence available indicates that the conductivity of
bistr ifluoromethylmercury can be attributed to hydrolysis
without the displacement of a trifluoromethyl group :
Hg(CF3)2

+ H20 ~

Hg (CF3)2 OH2~ Hg(CF3)2 OH--/-

Ir

Aqueous solutions of bistrifluoromethylmercury gives no indication of the presence of mercuric ions and the mercurial can
be recovered unchanged .
In analogy with the mercuric halides , trifluoromethylmercurials can form addition compounds with halide ions .

4,4,4 trifluoro 1-( 2- thienyl) - 1 , 3 butanedione is a
white solid , somewhat soluble in water , but generally used as
a solution in benzene .

It is used analytically to extract

ions of high charge .
Divalent ions such as Ni+,L and coll, are extracted
poorly by 4, 4,4 trifluoro 1-( 2- thienyl) - l , 3 butanedione in
benzene or chloroform, and only at high pH.

If the solvent is

a ketone or n-butanal, they are extracted efficiently at a
much lower pH ( 8 ).

4
Some rare earth derivatives of 4, 4, 4 trifluoro 1- (2thienyl) - l , 3 butanedione are being used in the laser and
maser industry .
The chemistry of the palladium chelate of 4,4,4 trifluoro l -( 2- thienyl)-1 , 3- butanedione is not kno~m but it
does not seem to be strikingly different from other similar
chelates.

Its main interest here is that it contains the

trifluoromethyl group in a wholly different environment from
that of bistrifluoromethylmercury.

CHAPTER II
BISTRIFLUOROMERCURY
The crude bistrifluoromethylmercury was prepared using
a modified method of Lagowsky (6).

Three grams of cadmium

filings were heated with 20 milliliters of mercury to form an
amalgam.

This amalgam was introduced into a high pressure

glass reaction chamber and the system evacuated .

The evac-

uated chamber was placed in a cold bath made up of isopropyl
alcohol and dry ice .
imately 203° K.

The temperature of the bath was approx-

Three grams of trifluoromethyliodide were

introduced into the system and the system sealed by closing
a needle valve .

The trifluoromethyliodide is a yellowish

liquid at this temperature .
24 hours .

The reactants were shaken for

The reaction is apparently :
Cd(Hg).,t2 CF 3I ~Hg(CF )27'CdI 2
3

The trifluoromethylmercury, contaminated with mercury,
appears as small greyish lumps floating on top of the excess cadmium amalgam.

It is then purified by sublimation at

40° C and collected on a cold finger .

The crystals appear as

perfect octahedrons if the sublimation is carried out at a
slow rate .
The purified crystals were examined under the polarizing microscope and a small, well- formed one was selected.
was accurately aligned on the Weissenberg camera, using the
method of Dragsdorf (4).

It

6

The unit cell parameters and space group data, which
were determined by rotation, Weissenberg and powder methods ,
are shown in Table I .

The crystals were found to be face-

centered cubic with respect to the mercury atoms .

The pres-

ence of reflections forbidden for a face- centered cubic cell
indicated that the location of atoms or groups other than
mercury might be possible .

However , when attempts were made

to collect intensity data it was found that the crystals decomposed in the x- ray beam without loss of their crystalline
appearance .
In gaseous compounds containing the CF3- group; such
as X-CF3 and F3c - X- CF , where Xis an element or a radical;
3
the fluorines are found to occupy the expected tetrahedral
positions about the carbon atoms (9) .

However, this does

not appear to be the case in solid bistrifluoromethylmercury.
Bistrifluoromethylmercury crystallizes in a pattern
almost identical to that of barium nitrate (10) .

The unit

cell dimensions of the two cubic cells are practically identical (a 0 Ba(N0 ) = 8 . llA, ¾(CF ) Hg = 8 . lOA) and in fact
3 2
3 2
the entire powder patterns are almost the same . The powder
data for these two compounds are listed in Table II .
In

barium nitrate the barium ions occupy face - centered

cubic positions.

The nitrate ions are found to be planar as

expected, but displaced from the symmetrical positions of the
fluorite structure due to packing requirements .

Since in

7

TABLE I
UNI T CELL DIMENSIONS AND SPACE GROUP DATA FOR
BISTRIFLUORO:METHYLMERCURY

EXTINCTIONS
( hkl)

None

( okl)

k = 2n -/, 1

(hol)

(possibly 1 = 2n

(hko)

(h • 2n l l)

~

1)

SPACE GROUP -- En3 or Pa3
a0

= 8 . lOA

~ale = 4. 23 g/cc
N

= 4 molecules/unit cell

8

TABLE II
POWDER DATA FOR B~UUM NITRATE
AND BISTRIFLUOROMETHYLMERCURY
dhkl (ASTM )

Ba(NO3 ) 2

No.
1.
2.

111
200
210
211
220
311
222

400

2a.

(CF3);2Hg

4 . 68

4. 06

3. 2
2.~3
2. 343
2. 029

2.

1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1. 2
1. 22

6l+2

1 . 1721
1 . 1370
1 . 1216

0

3
2.33

2.

2 . 02

1.

lg•
1
22 .

dhkl (obs)

Ba (NO3) 2

l . ~62
1.
1.
1.

11.
12.

19.
20.
21.

dhkl (obs)

1 . 22

1. 23

1.17

1 . 14

1. 0

1.0
1.

1 . 13
1 . 12

0
0
0

1.

o.
o.
o.
o.
o.
o.
o.
0. 7973
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bistrifluoromethylmercury the mercury atoms occupy face-centered cubic positions and the pattern is the same as Barium
Nitrate it seems reasonable that the trifluorornethyl group
may also be planar or very nearly so .
Although only a few lines appear in the powder patterns of each of these substances that are due entirely to
atoms other than the metal atoms , the fact that the same
lines appear in both patterns is probably significant .

There-

fore , it seems probable that the trifluorornethyl group in
bistrifluorornethylmercury is planar .

This has not been con-

firmed and as of now there is no theoretical explanation for
it .

CHAPTER III
4 , 4 , 4- TRIFLUORO- l - (2- THIENYL) - l , 3BUTANEDIONO- PALLADIUM (II)
The crystal structure of 4 , 4 , 4-trifluoro- l-(2 - thienyl) - 1 , 3- butanediono palladium(II) is presently under investigation .
This problem was undertaken because of the lack of data in the
literature on compounds containing the CF3 group and the
scarci ty of data on structures containing chelate bonds between
palladium and oxygen atoms .

Also , results from this problem

might aid in the solution of the structure of bistrifluoromethylmercury.
The chelate was prepared as follows :

20 ml of 15M

HN03 containing 6 . 802 mg- atoms of palladium ·was diluted to
250 ml with distilled water .

A 1:1 mixture of the above solu-

tion with 95% ethanol was then made .

Solid 4 , 4 ,4 trifluoro-1-

(2- thienyl) - l , 3 butanedione was melted at 450 C and 10 ml was
mixed with an equal volume of the solution .
then stirred and heated in a water bath.

The mixture was

During heating a

bright yellow precipitate for med and additional heating caused
the precipitate to coagulate.

The solution was then centri-

fuged and the supernatant liquid decanted , leaving a greenish
yellow residue .

The residue was washed with 50% ethanol solu-

tion and dried at room temper ature .
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The crystals used in this investigation were grown by
dissolving 4 , 4 , 4- trifluoro- l -( 2- thienyl) -l, 3 butanedione
palladium(II) in chloroform , and allowing the saturated solution to evaporate very slowly at room temperature .

The evap-

oration is continued over a period of three days , yielding
well formed, orange , needle- shaped crystals.
The crystals were examined under the polarizing microscope and all were found to be twinned along the needle axis .
However , it was found that they could be mechanically cleaved .
A small well- formed one was selected and cleaved .

It was

accurately aligned on the Weissenberg camera, using the
method of Dragsdorf (4), rotating about its needle axis .
The unit cell parameters were determined by rotation ,
Weissenberg and precession methods .

The crystals were found

to be triclinic with the needle in the

11 a 11

direction.

The

space group could not be unambiguously determined because of
- ✓
the crystal class , but it is known to be Pl or Pl

The density of 4 , 4 , 4- trifluoro- l - (2- thienyl) - l,3
butanediono palladium(II) was determined by immersing a crystal
in a solution of silver nitrate and varying the density of the
silver nitr ate solution until the crystal remained suspended
in the solution .

The density of the solution, which was then

the same as that of the crystal, was determined with a pycnometer .

From the unit cell volume , the density and the molecular

weight, the unit cell ·was calculated to contain two molecules .

12

The unit cell parameters , space group data and density are
listed in Table III .
The convention used for the parameters of the triclinic cell are those where a 0

<

b0

<

c0 •

The shortest cell dimension , a 0 , was determined from
the rotation photograph by the method described by Bunn (2).
It was calculated from the formulas !:.. : tan ,I. and a 0
y

where

11

't'

= n..c._,
cos

r 11 is the radius of the camera, 11 y 11 is the level spac-

ing in millimeters measured on the rotation photograph, "n"
is the level number,

;)l

is the x-ray wave length, and a 0 is the

length of unit cell edge .
From the zero level Weissenberg photographs the interplanar spacings d 010 and d001 were determined from the appropriate lattace row lines .

The angle between the cell edges

b 0 and c 0 being defined aso< was also measured from this
photograph.
Zero precession photograph of the a*c* net and the a*b*
net yielded ;S * and

f*

respectively by direct measurement .

Starred parameters indicate reciprocal cell parameters .
The remaining cell parameters , both reciprocal and
direct , were calculated from the following relationships •
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TABLE III
UNIT CELL DIMENSIONS AND SPACE GROUP DATA FOR
4 , 4 , 4- Trifluoro - 1- ( - 2 Thienyl) - 1 , 3 Butanedione
PALLADIUM (II)

EXTINCTIONS
(hkl)

None

(hok)

None

(oho)

None

SPACE GROUP

Pl or Pl

ao =
bo •

4. 62 A.
13 . 11 A

Co = 15. 32 A
o(

-

t8 =

95° 16 '
92° 50'

( = 95° 52'

/6bs
;{ak
N

-

2. 01 g/cc

=

1.96 g/cc

=

two molecules/unit cell
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1 . d..

= c os - 1 (cos~ cos ;f* - sin~* sin

*

2.

cot£

3.

cot

2

~

s i n~) ( 3)

=✓-sin ( o- * - ~* ) s i n ( o->+:
sin c:r * sin ( a-* - <f * )

= / sin ( e:: * - ?: * ) sin ; ~* - ex..* )
o /sin o-* sin ' o-* *

where~=
•

' z
d o10/ sin o(._* sin

dool/ sin

6.

o*

a0 *

=

b0 *

=

°" *

sin

o'
f3

bo Co sino\ wher e V is the volume of the unit
V
cell .

do10

8.

C0

*

=

do10

The volume of the unit cell i n cubic angs tr oms is calculated
from the r elationship:

9.

-

V

a9

x do10

x doo1

sin c<_

*

The number of mole cules per unit c ell N is calculated from the
equation:
10.

~x 6 . 023 x 102 3 x

N

.-

M. W.

V

x 10- 24 , where r'is the

density , and M. W. is the mole cular weight .

The various spacings ,

dhkl , for any general set of planes (hkl) , is calculated from
the relationship d hkl
12c*2

+ 2klb*c*

= ~ where

cos ~ * ./-

Qhkl = h2a *2 ./- k2b*2 -/,

2lkc *a * cos ,.6 * ./2hka *b*cos / ":

CHAPTER IV
DISCUSSION
The crystal structures of both bistrifluoromethylmercury (II) and 4,4,4- trifluoro 1-( 2- thienyl) - l , 3 butanedione
palladium (II) are still under investigation; therefore, it
is not possible to reach a final conclusion at this time.
However, on the basis of the data collected thus far, several
things seem to be evident .
Bistrifluoromethylmercury crystallizes in the very
highly symmetrical cubic system.

In many cases such as this

where the molecular structure is not too complicated, it is
possible to determine the entire structure on the ba sis of
symmetry data alone .

In this particular case , however, it is

necessary to know either intensity data or additional data on
the configuration of the CF3 group . Since great difficulty
arose in the attempt to collect intensity data because the
crystals decomposed in the x-ray beam , it was decided to a t tempt to investigate some other compounds containing the CF 3
group . For this reason the crystal structure of 4,4,4- trifluoro 1-( 2- thienyl) - l , 3-butanedione palladium (II) was investigated.
Because the crystals of 4 , 4 , 4-trifluoro 1- (2- thienyl)
-1, 3 butanedione palladium (II) are twinned and triclinic the
determination of the complete structure of this compound is

16
likely to be a very long and laborous process .

The twinning

problem was solved relatively easily by cleavage; but since
the crystals are triclinic, the s pace group cannot be determined unambiguously until the exact structure is known .
Because of the difficulty with the crystals of the
palladium chelate of 4 , 4 , 4- trifluoro 1- (2- thienyl) - l,3 butanedions, preparation of other chela tes of this compound were
attempted.

Compounds of both cobalt and nickel with 4,4 , 4-

trifluoro l - (2- thienyl) - 1,3- butanedione were prepared by the
same method used to prepare the palladium compound .

However ,

up to this time , it has been impossible to grow single cryst als of either of these two compounds.

Many organic solvents

were tried but both compounds were essentially insoluble in
all of them, except in N, N- dimethylformamide to a slight extent.

Therefore, an unsuccessful attempt was made in this

solvent to grow crystals by the method of cooling a saturated
solution.
All of these attempts were made ·with the hope that one
of these compounds would crystallize in a crystal system which
is of higher symmetry than triclinic, and therefore , possibly
present a less difficult crystallographic problem.
Any decision, at this time, concerning the configura-

tion of the CF3 group must necessarily be ba sed solely on the
comparison of the bistrifluoromethylmercury structure with that
of barium nitrate .

It is known that the No3 group is planar

17
in barium nitrate (10) and since the diffraction patterns of
these compounds are almost identical , it seems probable that
the CF

group, (at least in bistrifluoromethylmercury) is
3
also planar . This can only definitely be proven after the
complete structures of some of these compounds have been determined .
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